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(54) Receiver for differential signals 

(57) A differential signal receiver circuit includes a 
first differential stage receiving input differential signals, 
a second differential stage receiving shifted differential 
signals and summing stage summing outputs of the first 
and second differential stages. Preferably the summing 



stage is formed by a wired-OR connection Isetween the 
first and second differential stage outputs. The drcutt 
finds application in digital systems for receiving data 
transmitted between digital equipment. 
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Descripti n 



The invention relates to a circuit for receiving differ- 
ential signals and to a digital system including sucfi a 

circuit. , ^ 

It is known to transmit differential digital (normally 
binary) signals via line pairs, for example twisted line 
pairs between digital equipment, for example between 
computers or parts of a computer system. One standard 
for the transmission of digital signals, the IEEE Stand- 
ard for Low-Voltage Differential Signals for SCI (LVDS), 
draft 1.00 IEEE Std 1596.3-1994. December 1993, 
requires that differential transmission equipment trans- 
mits signals with differential voltages of +/-250mV to +/- 
400mV and a common mode voltage of 1-2V, with a 
possible deviation of ± 0.75m V, and frequencies of up to 
622MH2. Reception equipment has to be capable of 
receiving these signals with an extended common 
mode range of between 0 - 2.4V to take account of. for 
example, differences in the ground potential of different 
pieces of equipment. 

Rgure 1 illustrates an example of an interconnec- 
tion between a first computer 10 and a second compu- 
ter 12 via a paired cable 14. The first computer 10 
includes a transmitter Tx 16 for transmitting differential 
binary signals via the paired cable 14 to a receiver Rx 
18 at the second computer 12. Ukewise. the second 
computer 12 includes a transmitter Tx 20 for transmit- 
ting differential signals via the paired cable 22 to a 
receiver Rx 24 at the first computer 12. 

Figure 2A illustrates an example of a transmitted 
differential signal, with differential voltages of +/-250mV 
to +A400mV and a common mode of 1 .2V with a devia- 
tion of ±75mV. 

It will be noted that Figure 1 represents that the sec- 
ond conputer 12 has a ground potential in a range of - 
1 .2 to +1 .2 volts compared to the ground potential of the 
f irst computer 10. Figure 2B represents that the receiver 
must be capable of receiving the transmitted signal with 
a common mode voltage in the range of OV to 2.4V. that 
is ±1 .2V with respect to the transmitting computer. 

Jhe need to detect the digital signals when the 
common mode is over a range of 2.4 volts poses prob- 
lems where the supply voltage of the receiver circuitry is 
3 volts as the 2.4 volt range approaches the supply volt- 
age. 

Typically, a conventional differential voltage compa- 
rator circuit as illustrated, for example, in Figure 3 can 
only derive a differential digital signal from an input dif- 
ferential digital signal with a common mode range of 
about half the supply voltage VDD. Thus, in Figure 3 
where VDD is 3 volts, it is possible to detect digital sig- 
nals with a common mode range of only about 1 .5 volts 
to supply or using the equivalent complementary circuit 
to detect digital signals with a common mode range of 
only up to about 1.5 volts. This is not sufficient to meet 
the LVDS standard. In Figure 3. T1. T4 and T5 are cur- 
rent supply transistors and T2 and T3 are comparator 



transistors for the first and second differential signal 
lines. 

One internal proposal for meeting the LVDS stand- 
ard was to employ a voltage divider to reduce the input 
5 voltage range to a differential voltage comparator as 
shown in Figure 3. A circuit of this type is illustrated in 
Figure 4 where resistors R1 and R2 fomi a resistive 
bridge and DC1 represents the differential comparator 
of Figure 3. However, not only the common mode range 
10 as input to the differential comparator DC1 Is reduced, 
but also the differential signal level. This means that the 
circuit of Figure 4 reduces the resolution of the receiver 
circuit. Moreover, the resistive bridge formed by the 
resistors R1 and R2 introduces an undesirable current 
15 drain. 

An alternative internal proposal relates to the 
arrangement illustrated in Figure 5 where, in addition to 
a first differential comparator DC1 as shown in Figure 3. 
a second differential comparator DC2 is provided. The 
20 second differential conrparator DC2 is constructed 
using the complementary circuit of DC1 so that it 
detects over a voltage range from 1 .5-3 volts. To select 
between the output of the first and second differential 
comparators, a third comparator C3 is provided. The 
25 third comparator may. as shown, be a simple threshold 
detector connected to one line of the input line pair, or it 
could be a further differential comparator connected to 
both lines of the input line pair. The purpose of the third 
comparator C3 is to detect whether the common mode 
30 is greater than or less than 1 .5 volts, and in dependence 
thereon, to output a signal to a multiplexer M for select- 
ing either the outputs of the f irst differential comparator 
DC1 or the outputs of the first differential comparator 
DC2. This circuit has a signHicant disadvantage which 
35 results from delays in deciding whether to select the 
outputs from the first or the second differential compara- 
tors. This is particularly a problem where the common 
mode is hovering around the mid-point at 1 .5 volts. This 
circuit is not able, therefore, reliably to meet the LVDS 
40 standard. 

There is. therefore, a need for a reliable and effi- 
cient solution to the detection of differential digital sig- 
nals With a variable common mode. 

In accoidance with a first aspect of the invention. 
45 there is provided a differential signal receiver circuit 
comprising a first differential stage receiving input differ- 
ential signals, a second differential stage receiving 
shifted differential signals and summing stage summing 
outputs of said first and second differential stages. 
50 The invention also provides a differential signal 
receiving circuit comprising differential signal inputs, a 
f irst differential stage connected to said differential dg- 
nal inputs for providing first differential outputs, a shift- 
ing stage connected to said differential signal inputs for 
55 providing shifted differential signals, a second differen- 
tial stage connected to said shifting stage to receive 
said shifted differential signals for providing second dif- 
ferential outputs and a summing stage for summing said 
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first and second differential outputs to provide received 
differential signals. 

Thus, in a circuit in accordance with the invention, 
the received differential signals are formed by summing 
the outputs of a first, normal differentia! stage and a sec- 
ond, shifted differential stage. 

In accordance with a further aspect of the invention, 
there is provided a digital system comprising at least 
one line pair for the transmission of digital signals and a 
differential signal receiver circuit, said differential signal 
receiver circuit comprising: 

differential signal inputs; 

a first differential stage connected to said differ- 
ential signal inputs for providing first differential outputs; 

a shifting stage connected to said differential sig- 
nal inputs for providing shifted differential signals; 

a second differential stage connected to said 
shifting stage to receive said shifted signals for provid- 
ing second differential outputs; and 

a summing stage for summing said first and sec- 
ond differential outputs to provide received differential 
signals. 

In accordance with another aspect of the invention, 
there is provided a method of recovering received differ- 
ential signals, said method comprising: 

supplying received differential signals to a first 
differential stage; 

forming shifted differential signals by applying a 
voltage offset to said received differential signals; 

supplying said shifted differential signals to a 
second differential stage; and 

summing outputs of said first and second differ- 
ential stages. 

Exemplary embodiments of the invention will be 
described hereinafter, by way of example only with ref- 
erence to the accompanying drawings, in which: 

Figure 1 is a example of an application of the 
present invention for the communication of data in a 
data processing system; 

Figures 2 A and 2B are schematic representations 
of differential signals transmitted along a data trans- 
mission line in the system of Figure 1 ; 
Figure 3 is a schematic circuit diagram of a prior art 
differentia! comparator; 

Figure 4 is a schematic diagram of one proposal for 
a solution to the problems to which the present 
invention forms the solution; 
Figure 5 is a schematic diagram of a second pro- 
posal for a solution to said prokDiems; 
Figure 6 is a schematic block diagram of an exam- 
ple of the present invention; 
Rgure 7 is a simplified circuit diagram of a circuit in 
accordance with the invention; 
Figures 8A and 8B illustrate differential signals in 
the circuit diagram of Figure 8; 
Figure 9 is one embodiment of a circuit in accord- 
ance with the invention; and 



Figure 10 is a schematic diagram of an integrated 
circuit employing the present invention for incorpo- 
ration In the system of Figure 1. 

5 Rgure 6 is a schematic block diagram of an exam- 
ple of the present invention. In Figure 6 a differential sig- 
nal receiving circuit conrprises binary differential signal 
inputs A and AN. A first differential stage comprising a 
first differential comparator DC1 is connected to the dif- 

10 ferential signal inputs A and AN for providing first differ- 
ential outputs DC1 A and DCI AN. A shifting stage SHS 
is connected to the differential signal inputs A and AN 
for providing shifted differential signals AA and AAN. A 
second differential stage comprising a second differen- 

75 tial comparator DC2 is connected to receive the shifted 
signals AA and AAN of the shifting stage SHS for pro- 
viding second differential outputs DC2AAand DC2AAN. 
A summing stage SUS is connected for summing the 
differential outputs DCI A and DC2AA to form a first part 

20 D of the received differential signal and for summing the 
differential outputs DCI AN and DC2AAN to form the 
second, inverted part ON of the received binary differen- 
tial signal. 

Rgure 7 is a simplified circuit diagram of a circuit in 
25 accordance with the invention. In this circuit, the shifting 
stage comprises first and second shifting transistors 
ST1 and ST2. which in the present embodiment are P- 
channel FieW Effect Transistors (P-FETs). The source 
and drain of the first shifting transistor ST1 are con- 
so nected to a first voltage supply VDD (e.g. . a voltage sup- 
ply rail for connection to a 3 volt supply) via a first 
current source CSl. and to a second voltage supply 
VSS (e.g., a voltage supply rail for connection to a 0 volt 
supply). The gate of the first shitting transistor ST1 is 
35 connected to the first differential input A. The source 
and drain of tiie second shifting transistor ST2 are con- 
nected to the first voltage supply VDD via a second cur- 
rent source CS2. and to the second voltage supply 
VSS. The gate of the second shifting transistor ST2 is 
40 connected to the second differential input AN. 

TTie first shifted differential signal AA is provided at 
the junction between the first shifting transistor ST1 and 
the first current source CS1 and the second shifted dif- 
ferential signal AAN is provided between said second 
45 shifting transistor ST2 and tiie second cunrent source 
CS2. 

The effect of the shifting stage is to apply a voftage 
offset to the input differential signals A and AN. The 
amounts of the voltage offset, that is tiie amounts by 

50 which the input differential signals A and AN are shifted 
to form the shifted signals AA and AAN. vary normally 
with process variations but are nornnally in the range of 
1-2 to 1.8 volts, more typically atx>ut 1.5 volts. The 
actual amount by which the input signals are shifted can 

55 generally be controlled in a manner which will be appar- 
ent to one skilled in tiie art by an appropriate configuring 
of the shifting transistors ST1 and ST2 and by configur- 
ing or controlling the current sources CS1 and 082. 
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The first differential stage comprises a first conpa- 
rator transistor CT1 connected via a third current source 
CSS to the first voltage supply VDD and a second com- 
parator transistor CT2 connected via a fourth current 
source CS4 to the first voltage supply VDD. In the 
present embodiment the first and second comparator 
transistors are N-channel Field Effect Transistors (N- 
FETs). The first and second comparator transistors. 
CT1 and CT2, are connected via a fifth cun^ent source 
CSS to the second voltage supply VSS. 

The gate of the first comparator transistor CT1 is 
connected to the first differential input A and the gate of 
the second comparator transistor is connected to the 
second differential Input AN. 

The second differential stage comprises a third 
comparator transistor CT3 connected via the third cur- 
rent source CS3 to the first voltage supply VDD and a 
fourth comparator transistor CT4 connected via the 
fourth current source CS4 to the first vcKage supply 
VDD The third and fourth comparator transistors. CT3 
and CT4. are connected via a sixth cunenl source CS6 
to the second voltage supply VSS. 

The gate of the third comparator transistor CT3 is 
connected to the first shifted differential signal AA and 
the gate of said fourth comparator transistor CT4 is con- 
nected to the second shifted differential signal AAN. 

The summing stage SUS is formed by the wired- 
OR connection OR1 of the junction between the first 
and third comparator transistors CT1 and CT3 and the 
third current source CS3. and the wired-OR connection 
OR2 of the junction between the second and fourth 
comparator transistors CT2 and CT4 and the fourth cur- 
rent source CS4. 

A f iret received binary differential signal D is output 
from the juncUon OR1 between the first and third com- 
parator transistors CT1 and CT3 and the third current 
source CS3. The second received differential signal DN 
is output from the junction OR2 between the second 
and fourth conparator transistors CT2 and CT4 and the 
fourth cunrent source CS4. 

The effect of the wired-OR connections ORI and 
OR2 of the first and second differential stages is to sum 
the differential currents generated in the first a™^ sec- 
ond differential circuits in response to the normal and 
shifted differential input signals, respectively. 

The circuit arrangement illustrated in Figure 7 pro- 
vides a simple, fast, reliable and cost effective solution 
to meeting the LVDS standaid refenred to above. The 
circuit performance exceeds that required by the LVDS 
standard and has been seen to operate reliably at fre- 
quencies exceeding 800MHz. and approaching lGHz. 

Figures 8A and 8B illustrate the relationship 
between the signals A/AN and AA/AAN in the circuit 
anangementolFigure?. .. ^ • ■ 

Figure 8A represents the differential input signal 
A/AN Figure 8B represents the differential signal A/AN 
shifted by 1 .5 votts to form the shifted differential signals 
AA/AAN including a representation of dipping which 
occurs at a supply voltage VDD Off. in the present 



Instance. 3 volts. The dipping of the shifted signals has 
a negligible effect on the successful reception ol the 
irput signal as it is a differential signal. 

Figure 9 is a schematic drcuit diagram of a pre- 
5 ferred en*o<fiment of a receiver drcuit in accordarice 
with the invention. This drcuit includes the shifting, first 
and second differential and summing stages of the cir- 
cuit of Figure 7 plus an additional comparison and 
amplification stage CAS for generating a single ended 

10 binary signal SEDS. 

in the drcuit in Figure 9. the shifting, first and sec- 
ond differential and summing stages correspond gener- 
ally to the equivalent stages of the drcuK of Figure 7 as 
represented by like reference signs. The portion of the 
15 drcuit of Figure 9 which corresponds to the circuit of 
Figure 7 Is located within the dashed outline F7. 

It will be noted that the first to fourth current sources 
CS1 - CS4 of Figure 7 are formed by P-channel Field 
Effect Transistors (P-FETs) CST1-CST4. respectively. 
20 in Rgure 9. the gates of the transistors CST1-CST4 
being connected to a common bias voltage BIASR Also, 
the fifth and sixth cunent sources CSS. CS6 of Figure 7 
are formed by N-channel Field Effect Transistors (N- 
FETs) CSTS, CST6, respectively, in Figure 9, the gates 
25 of the transfetors CSTS. CST6 being connected to a 
common bias voltage BIASN. 

The first received differential signal D is supplied to 
the gate of a first conparison and amplification transis- 
tor CAT1 of a comparison and amplif ication stage CAS. 
30 The second received differential signal DN is supplied to 
the gate of a second comparison and amplification trari- 
sistor CAT2 of the comparison and amplification stage 
CAS In this emt)odiment the comparison and amplica- 
tion transistors CAT1 and CAT2 are N-channel Field 
35 Effect Transistors (N-FETs). 

The first comparison and amplification transistor 
CAT1 is connected via a seventh current source transis- 
tor CST7 to the first voltage supply VDD and the second 
comparison and amplification transistor CAT2 is con- 
40 nected via an eighth cunent source transistor CSTS to 
the first voltage supply VDD. The first and second oom- 
parison and amplification transistors. CAT1 and CAT2. 
are connected via a ninth cunent source transistor 
CST9 to the second vdtage supply VSS. The gat^^ 
45 the seventh and eighth current source transistors CST7 
and CSTS are connected in common to the junction 
between the output of the second cunent and amplWca- 
tion transistor CfiT2 and the eighth current supply tran- 
sistor CSTS. ^ 
50 The junction between the first current and amplifi- 
cation transistor CAT1 and the seventh current supply 
transistor CST7 is connected to the gates of first and 
second output transistors OT1 and OT2. The first output 
transistor OT1. which in the present embodiment is an 
55 P-channel Field Effect Transistor (P-FET). is connect^ 
between the first voltage supply VDD and an output O/P. 
The second output transistor OT2. which in ttie present 
embodiment is an N-channel Field Effect Transistor (N- 
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FET). is connected between the output O/P and the 
second voltage supply VSS. 

The signal output from the junction between the first 
cunrent and amplification transistor CAT1 and the sev- 
enth current supply transistor CST7 is thus used to s 
switch either the first voltage supply or the second volt- 
age supply to the signal output O/P for forming a binary 
output signal. 

The absolute sizes of the transistors in the circuit is 
not significant to an implementation of the present 10 
invention. The circuit may be implemented with any 
appropriate discrete, or preferatrfy integrated technol- 
ogy. The M=X references in Figure 9 indicate preferred 
relationships between the sizes of the transistors and/or 
numbers 0I transistors if the circuit is implemented with is 
discrete circuit elements (i.e., M=5 indicates a transistor 
five times the size of an f^=1 transistor or that the tran- 
sistor is formed by connecting five transistors in paral- 
lel). 

Figure 1 0 is a schematic illustration of an integrated 20 
circuit IC comprising a circuit as described with refer- 
ence to Figure 9. The integrated circuit includes inputs 
for the differential signals A and AN, the first and second 
voltage supplies VDD and VSS and the first and second 
bias voltages BIASP and BIASN. The integrated circuit 25 
can include an external output terminal for the output 
O/P of Figure 9. However, the output O/P of Figure 9 
could alternatively be an internal connection between 
the output O/P of the circuit of Figure 9 and other cir- 
cuitry OC within the integrated circuit IC, Also, one or 30 
more of the input terminals illustrated in Figure 9 could 
be generated internally to the integrated circuit IC of 
Figure 10. rather than being externally supplied as illus- 
trated in Figure 10. 

Thus, as well as the circuits desaibed with refer- 35 
ence to Figure 9 represented within the dashed outline 
F9. the integrated circuit of Figure 10 can include other 
signal processing circuitry OC as required, for example 
circuitry for processing the signal at the output O/P of 
Figure 9. The integrated circuit of Figure 9 could addi- 40 
tionally include a transmitter circuit Tx for transmitting 
data signals via a signal pair of the system of Figure 1. 

Although the invention has been described with ref- 
erence to particular emtx)diments. it will be appreciated 
by one skilled in the art that the invention Is not limited 45 
thereto and that many modifications and/or additions 
may be made within the scope of the invention. 

For example, although in the present embodiment 
the invention is implemented using FET technology, 
other embodiment could be gated on other circuit tech- so 
nology. Also, the circuit configurations could be 
changed in accordance with design preferences. 

AKhough the invention has been described in par- 
ticular in the context of the LVDS standard and for cir- 
cuits with a supply voltage VDD of 3 volts, it will be S5 
appreciated that the invention could be used in other 
applications and with other supply voltages. 



Claims 

1. A differential signal receiver circuit comprising a 
first differential stage receiving input differential sig- 
nals, a second differential stage receiving shifted 
differential signals and summing stage summing 
outputs of said first and second differential stages 
to form a received differential signal. 

2. A circuit according to claim 1, wherein said sum- 
ming stage comprises a wired-OR connection 
between said first and second differential stage out- 
puts. 

3. A circuit according to claim 1 or claim 2, wherein: 

said first differential stage is connected to 
differential signal inputs for providing first differen- 
tial outputs; 

a shifting stage is connected to said differen- 
tial signal inputs for providing shifted differential sig- 
nals; 

said second differential stage is connected 
to said shifting stage to receive said shifted signals 
for providing second differential outputs; and 

said summing stage sums said first and sec- 
ond differential outputs to provide a received differ- 
ential signal. 

4. A circuit according to claim 3. wherein said shifting 
stage comprises a first shifting transistor having a 
gate and a second shifting transistor having a gate, 
said gate of said first shifting transistor being con- 
nected to a first differential input and said gate of 
said second shifting transistor being connected to a 
second differential input. 

5. A circuit according to claim 4, wherein said first 
shifting transistor is connected to a first voltage 
supply via a first current source transistor and said 
second shifting transistor is connected to said first 
voltage supply via a second current source transis- 
tor, a first shifted differential signal being provided 
between said first shifting transistor and said first 
current source transistor and a second shifted dif- 
ferential signal being provided between said sec- 
ond shifting transistor and said second current 
source transistor. 

6. A circuit according to any one of the preceding 
claims, wherein said first differential stage com- 
prises a first differential comparator and said sec- 
ond differential stage comprises a second 
differential comparator. 

7. A circuit according to claim 6. wherein: 

said f irst differential comparator comprises a 
first comparator transistor connected via a third cur- 
rent source transistor to a first voltage supply and a 
second comparator transistor connected via a 
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fourth current source transistor to said first voltage 
supply, said first and second comparator transistors 
being connected via a fifth current source transistor 
to a second voltage supply; and 

said second differential coniparator com- 5 
prises a third comparator transistor connected via 
said third current source transistor to said first volt- 
age supply and a fourth comparator transistor con- 
nected via said fourth current source transistor to 
said first voltage supply, said third and fourth com- w 
parator transistors being connected via a sixth cur- 
rent source transistor to a second voltage supply. 

8. A circuit according to claim 7. wherein: 

a gate of said first comparator transistor is t5 
connected to said first differential input and a gate 
of said second comparator transistor is connected 
to said second differential input; and 

a gate of said third comparator transistor is 
connected to a first shifted differential signal and a 20 
gate of said fourth comparator transistor is con- 
nected to a second shifted differential signal. 

9. A circuit according to claim 7 or claim 8. wherein 
said first voltage supply is a 3 volt supply line and 25 
said second voltage supply Is a 0 volt supply line. 

10. A circuH according to any one of the preceding 
claims comprising a comparison and amplification 
stage connected to receive said received differen- sc 
tial signal from said summing stage to provide a sin- 
gle ended received binary signal. 

11. An integrated circuit conrprising a differential signal 
receiver circuit according to any one of the preced- si 
ing claims. 

12. Adigital system comprising at least one line pair for 
the transmission of digital signals and a circuit 
according to any one of the preceding claims. 4 

13. A method of recovering received differential sig- 
nals, said method comprising: 

supplying received differential signals to a 
first differentia! stage; 

forming shifted differential signals by apply- 
ing a voltage offset to said received differential sig- 
nals; 

supplying said shifted differential signals to a 
second differential stage; and 

summing outputs of said first and second dif- 
ferential stages. 
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